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coo o i] 

[000 2] ' 

«e**>e»s ummihw^mm^ tsm&iDvj&ft&tkdfir&mtn a-— f (led 

) ^fflpn^Ii^rD (h e t e r o) S^S©III8Sg<bfM^<fc$B#^£*f?/?B 

HV&J* (ifflfigaCAlxGayN : O^X, YgK X + Y=l) tt* '^5yF ( 
clad) «!8ritrs©K:#Jflf$*LTv\s (#ff*)9t2#ra> „ mibUVtl*' 
f>s?e>A (Hfl^SCGavI mN : 0^Y, Z^K Y+ Z= l ) tt^fStfiJg (ife&M) 

[00033. 

tig3»5fC43V>r. $g#JS£> mmmizm— ©Gayl nzN (OgY, -2^1, Y+Z=l 

£»±* Htsi (barrter)jij:#p (we 1 1 ) jun*!SsMizmM&-#&* mmmm 

[^^CSR 1 ] t#H 2 0 0 0 - 3 3 2 3 6 4-%£sm 
[#^iR2 J ?#M2 0 O 3 - 2 2 9 6 4 , 
ffiftXffi. 3 ] #&BS 5 5 - 38 3 4t&S 
[WffcSCiSU ] #132 001-10262 9^&I8 
[4#§fcfc&5] £fR|2 0 0 0- 1 3 3 8 8 3-^fB 
[0 0 0 4] 

[0 0 0 53 

[SBWJSPifc L- «fc a i: f £8$J@] 

[0 0 0 6] 

eggs &m&:T z> fcitxo^mi 

[0 0 0 7] 
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[0 0 0 8] 
[0 0 0 9) 

3) ^3<ofgqgtt s ±gBUfcl) JRSfct±2) 3@lCsB©©^Ba©«?fi2tc:j!iD^.*t i .U?3f& 

[0010] 

[%Bj©?am] 

[0 0 11] 

[0 0 12] •- > 

Auras.. ifoGmmmjiomm&Jzt.i'tcw* nm>?^ ? \ t mwfrt>&.x£ti2> : ** v 

[0 0 13] 

[0014) 

[0 0 15] 

<. q&&£bvm*^v \*mtefavxffi&.tfi,'}>-r%&-5iz^%:CDx. f^mm^T^n- 

[0016] _ 

[&B8£^?-S&«>©g.&4>7rSJig] 
[0 0 17] 

®ill^<b^##:Jg£*JflJ U-C, p n«^fiIII«afl54S»#WIB**^*<»a"*"*- 

[0 0 19] 
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[0 0 2 0] 

te&s fSHSfliteJ; Di£«/^oD^-7 * Kjg&nSt l/T*»J:OU 2£Kp§Jt txfe J: 

[002 1] 

<> MOifeS1f77"f7 (a-AbOs^g) -^K-fbffiffl (ZnO) . mihUVb 
A- U (H/85SL iGaOa) ®(Dmt,®im$S£M&* £tzf£m (Si) ( 

>"j=j>) *>±ftm* tt&as&mcDm.fcmm (sio ^©ivK#^«^ifi5^ * ^t; 

[0 0 2 2] 

lxGarl nzNi-aMa (0£X£1« O^Y^L O^Z^lTfJL-P* X+Y+Z=l 

'JtfA (fifigaAlxOaYN: O^Xgl, 0 ^ Y§ 1 t?JB-=>. X + Y = 1 ) fr^mGHX' 
[0 0 2 3] 

nsjaufpso^vy kji&, pi— <Dm&&mii&mib®H±mibtmi)'5ffi!&? : 5>i& ■ 

Sfctj&t'Lfcfc^o 09x.fcfs nM©*^* KJg&^btfU *A (GaN) 7^e>*»j5fcU P 

KJg&MibTT^S^A • K (AlxGavN) 5.o nSLS 

• or KJgl±, SB#Jg£#Te^#FP&£©/a^*|i?g8JlJ: t> *t£ih?$«§£* 

[0 0 2 4] 
[0 0 2 5] 

s ■fbif!}*/t -4 >S?»A (QaylmN: OSY^l, 0 ^ Z ^ 1 tfja^ Y + Z = 
1) A>^6lfig-rSo Gay I nzNcD-r >S>#A^/3lSifc (#y AS&ffctt) fi. mscD^fi 

SBJ-ngft^OfB^JSIfefc. 'f >J"*Ajj!fi/»&i:t«s 0. 4 0 (=4 0%) JWTs Si 

£b.<fc*0. 2 5tfSOaYlnzN (0. 25^ZgO. 40-Cl-P, Y+Z=l) 

[0 0 2 6] 

(GaNi-.p.: o^a<D &comm£&muft<omvm7b&&&tsumsi{bV3#m 

*«P$>*?SfilST?£S„ GaNi-.Pi-Clt D> (P) i&iStt; (=a) tC^Lt (tJWrti.' 
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tf* mm (n) (= 1 -a) i^lt) , Pit^Pitt^iat^-fb-rs. c©n> 

>f >^ (band bowing) ttOTLt, GaNi ..P.ipC,|l 

bm&mzmzmft&tsifux' § s# *^T! g So 

CO 0 2 7] 

m^riRjSE (vfj AvittHftttjEE (vth) m^9MiiSim<Dmftm : P&mz> 

[00 2 8] 

tcitiiiUTs siii-e©m^co^3ii63i^i'^r- (=o. o 2 6e v) o*sjw±s 

. t^Jt^©IIISl^'fb®J^f*:M*»6i|S5K-rs«.« t *b.<(i. AlxGavJN (O^X^ . 
1, 0^Y^1 S X + Y«l) -^QaNi-aP.^cDSftiDVjKTC^^trlna^^b^ 

[0 0 2 9] 

• -rm&mvLft<Df$mm<Dmmi±s 1 5 nmw±r-s 0 nmi^T-t?* statist- 5 <> aoim, 

[0 0 3 0] 
[0 0 3 1] 

[0 0 3 2] 

, ^lit^Wttlfefl'fti^inj^ra^liaas (MOCVD& MOVPEaSfcttOMVPES) 

) mffl^as^ft:«D>f5fiE"ess«, mocvdsii u> <p> -wat^ (as) ^ 
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[0033]. 

. &§{t (S i) ^ (Qe) . £S (Sn).^©IY^7C^ MtU> (Se) 

utx ^>i»^.->'>z» (Mg) x (ca) ^(oiiktcsr^Sp mmm&ftmz- 

V i (Auger) ifc^©7cfK##r *IJB UTSfit S5. 

[0034] 

[0 0 3 5] 
[0036]. 

t>„ CccKSv^^a^SStrj^^S^lSl^jcoSeEtt, 1 x 1 0 ,B cm- 3 *^JUi±-e 1 x l o 
Hcm-^SSfctSOWS, 5x l-Oiiom-'fiLt-CS x 1 0 17 c xn-*b.T SCD**S 

[0 0 3 7] 
[0 0 3 8] . 

lODGavInzN (OgX, YS 1 , X + Y=l) #<5q Sfcs nSOAlx 

GayN (OJSX. X + Y=l) *»&fc8tfi£-CS£» Oavl nzNfrfen^? 

ng*7s/Fitlt, InSSfiSJt (=Zi> Z*) mzTZ>&4t#V A • -f > 

i^Ajg^&J&SGayil nziN/GayzI nzzN (0£Yt. Y2, Zi, Z 8 ^ls Yi 
*Y Z , Zj^Zzv Yi + Zi=1 n Y2+ Z 2= 1 ) StS^fitii£JB^Sd 3 
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[0 0 3 9] 

A^®4HSfci±6H^sM©jKfbBi^ (sic) -c*s©i!rx m&&&Ts&mtn 

[0 0 4 0] 

®, fifl^fcJGayl n*N (OSY, Zgl, Y+ Z - 1) JlMtt nS (pS!) *RSUg_t 
[0 0 4 1] 

[0 0 4 2] 

fcJ^Mlh^|g(D^|'ffc«8ll^ - jffV^A (Jm^BoGaRP : 0<Q, R<1 , Q + R= 1) 
*0MbmH ' 4 Wbt* (ffl^eSCBoI nsP : 0<Q, R<X, Q + R — 1 ) ©SS^** 

ns&vp?2ffl<a®m®A s ^?>ixsfc«>> = MB*iR/s*-sfl>c*T6tt#"c** 

[004 3] 

* ?|- @ KfCfBB L fcte^**^^** £> 5 1 > i^3ft&G> L E D £ & 5 © \Z&tiL k.t£%> 

E D WJSOKWt # So 
[0 0 4 4] 
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m ti £ ft ± ^ * s c ** x g s » 

[0 0 4 5) 
[0 0 4 6 J 

ycomKm-grtzz hunts m<n#F i mizimvTifem&. «***iwi!9i?Tt 

[0 0 4 7] 

[0 0 4 8] 

[££Bfifll] 

[0 0 4 9] 
[0 0 5 0] 
[00 5 1] 

led i o&ftMT&ittocommmig&i. 1 *flzm.-?z>fz&\z, ft-ry-zr-nrmmi 

0 1£> fcfflm (RF) g8^SD*ft«cDRFa'f ;l/5fe^t3fEgUfc53«S^cDMOCVDS 

^^wtziesufeo mmux* 1 o^ncjao-cttau jris*^*/*— s>ufc*, 1 o 

ft&mVXWlSL 1 0 1 gS*»<=> 1 1 5 0°Ct:^SLfco SIS 1 0 l<Z>i&Jg&l 1 

lcDOT&tf— y— ->^ufe«, 

[0 0 5 2] 
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V-P W 1 O 1 fctt„ ^ 1 (OJimt LX, ^Uittc UT 1 : 2 trig'&Ufe 

rjlsTJltZ-t/I* (TMA1) «D^^ h U^^I/i/V^A (TMGa) <Z>$S£ti: 
fSffcfc, y>*=.7 (NHj) ilS:%^^SM«!>3gSagUfc, ff5 1 apumx^ «f|g 
. V/IIItfc (NHj/ (TMA 1 + TMG a) jSStfc^) l£$J 8 5 \zWttsL Ufeo 1150 

[0 0 5 3] 

^V>T\ m2<DX.mt.LXTMGa.t.y>^—Tif^mmi,X^ (0 0 0 1) 

1 0 l±(C, 7>K-r-Cnlgfl;»y->A (G a N> €10 2 <Dft££££ 1 85? 

[0 0 54] 

7*> K w 7t ni<9GaNg 1 0 2_ttC,i. S i K-7ngGaNf 1 0 3^^EU)th 

o BJB 1 0 3 ©Jgfi£l^{c:i±, isvUiSTL (SiH<) 5feK— t>^igi:b-C.. m-?i§Si* 

5xiO'»cm--^«:5«IC^ (Si) & K— KV^bfco Si K-T'nlGaNSl 
0 3tDJS®fi2,am£bfco • 

[0 0 5 5] 

ifcJCs Si H7nIGaN©l 0 3±tCiis TMGafcTMAl, JStWHaSM** 
SiH4$K-K>^«i:LT, S i K-T'CDnS^ib^l'^"^ • iJVOA ( 
Alo. ooG ao. siN) Ji 1 0 4*7£j5ELfcp A 1 o. o 9 Gao. oiNJSCD** <J 7* (JE?L) M 
MlAs 7xi0"cm- 3 i:u iJPtt8nmtU)E, 

[0 0 5 6] 

:r>^^T#;*£Sto^rttc^M;* o l coajK&l 1 5 o°c 

£ LT\ Alo. ooGao. nN@ 1 0 4 -ttCx MJ?£ 5 0 nmktS S i K — T'CDSi-f b jtf 'J 

(I no. oi Gao. 99 N) *>€»3&S n?g* 5 «y >*® 1 0 5 &Ml$.\stzo 

[0.0 5 7 ] 

n3J*^y KJfl 0 5±fclf£. GaNcfc!>&£P?gJ&2 1 I no. 04G ao. »oN «t 0 
• &S#J?®2 2T?«ld£^iv5^afi^#p«|ii©^Ji2&fl5filcLfco ^<O^M-?#^ 
#t$g£>7fcfiE£&£tjTliN S i h*-ri no. oiGao. s»Ni»^&5nS^7 v KIl 0 5 • 
±lz s SStoKSi K-7GaN|i|tl2 lm^ffiU *<?>S i K-7GaN|$I12 1 
m±£ I no. o«Gao. 9bN#/3JS2 &PM2 2<£>Jg)fEfcfc. ^T©^F®tC 

2 nmtL.fe. S i P-7G a NRlSiS 2 lSVlno.ojGao, 9 iN#p'i2Zt- 
&.mc 6 |5Jfg»)JgU©/gl,fc<D£x ^ItC^SSIOI no. o^Gao. seN#pl2 2± • 

2 1 mSVpS^ "5 y H m 1 0 7 ffi9<D#agjg 2 1 n(Di@^ S i H— 7G a NRiM® 2 1 
[0 0 5 8] 

-fcJBGDSi K— ^G a NRtH/1 2 1 tt^fcgBT GMX^tfi, Mt&ffi2 ln&fo<5m<Z> 
S i K— 7GaNNtMjg2 lojg^lil 5 nmt Ufeo — ^> ffliSgl/f 2 1 n£&-rs.i K 
— :TG a Npf^J! 2 l©@^tt'teO|^SjgJ;»)J|cv'k2 Onmt Ufe„ 
[00 59] 

itfia^#^«l5Sco|6^JS2±tc:*±. v^S^A (Ms) K-roAlo, mGao.sj 
Nfr 4? -5* HJgl 0 7*1 10 0 "C-CJ&fiS Ufco p3!*^ a» 1 0 7©^-v 

'J7 (iE?L) SJSgli* 5 x 1 o>'oro- 3 i:U JSmttl OnmfcUfeo 

[0 0 6 0] 

pl^^y F.m 1 0 7±tctts Mg H*-7GaNjSSrpM3>^^ hjg 1 0 8 i: 
UTfig^^-e-fc*. pS!3>*^ hilO 8cD4r* V7 (jE?1) i&Kfc* 8 x 1 0"cm- J i: 
U i@iil0 0nm^l&, 
[0 0 6 1] 
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mm. 10 i©gjs*^ia^i?2 o^swtBSLfc. AE«ft o ioo-cj a»e> 3 o 

%ONH 3 £82fflU£o S«l 0 lcoSje^SOO-Cfc&o&WF/sS-C, NHaCDgE 

[00.6 2] 

[0 0 6 3] 

^y^y&s^u nit- 5 v^m® i o 9&mmTz?7M.ar)mmzm!)* siK— 

. *©SiStgtttSW*iy<r/i, (Ni) tifc, Ni/7;u?-r>A (a1) 
> (Ti)/^ (Au) ©4Jg&J®&, iS^tfcngt-^ ?>9WBL1 0 9^i5^A~ 0 
. sfcfc, ^JglSiSttl lcD^fSfc:SgL&pS9rj>** hjgi 0 S ±(DV8±mzi*. |gl 3 fz 
>jrrr*0<. ^ (Au) 3 j8;>fct£eDp3J;?»-— 3 g@l 10£j£j5£Ufc o pf 

2»— S***«ri 0 htctt, TWMH>e>miZ**> (Ti), 7/|/$-^a (Al) v . 
XlHfe (Au) £JS?&^JgUfc#t*iCDtf>7 : .f y^/ty K (MM) 11 1 

[0064] ' 

v-7-r4Tmmioi<Dwm&. ^0350^610.0^ otwl. 
s oum&<o¥m&-zmxrm<?>mm<o l e d.^ * ^cwsr ufc.. * ^ledio 

£s nSt- 5 10 9 4: P3^££M 1114^ LTSg^BKU^* LEDf «^ 

[0065] 

n£!*--S -v^TOl 0 9^tKp3g*-$ **f§gll 1 OrafTlg^iSjt^igift^^ 
ffiULEDf-y7J 0 *B2fl6im#t:&mifc2 OmA^ . 

mW.fcigfigfc&^fcp ^-Cs Jg#lqJ^8ft«: 2 OmAt Lfc^©|®^|qjmff <A3 . 3Vfc 

[00 66]. 
[0 0 6 7 J 

int.. ±m<Dmmwi£tmL*i&mm : ?#Fmmiz&^T. w®m mz&w^z 1 

nj IS*, f&copf@Ji£:JiP£p|— £T&S i l«-rOaN||IIi»*,ML/fei fit 
[0 0 6 8] 

A*. JilEco^fism © L E D * r l 0 Xfc* JgiM^flEli 3 

l Oco«F(4{c:s^*,c{>i:iij5£D^J&:3£>»-35fe 0 

[0 0 6 9] 
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[0 0 7 0] 

t&f-^ _jgjg (|jg 2 ©*fr«§- 2 1 m) <DPftgJg©@J££ 1 5nmtU 2#@©|S^Ji 

©jgjp£ i enmtu 3m&<om&m<Dmm& 1 7nmt u 4#e©M«cDJsm=& 

[0 07 1] 

EP^, nS^^v K@ (Bl. E32©EF^1 0 5) 0>*>pSi'7 5' KJg 02© 

isrei 07) kiwtx s x a.nf%mm<Dmm*. mtem< 

£«t/8bfc« fb»»^ 2 InWSi H-rGaNKi®O»llli20niiii:Lfc. 

s^a^-a-c^^rpfflsufe- ^«e^i±3 9 5 n mffe9fc.MSEi±3. 3 

LED**<fefcAS*u lti»^K:i3«©(4*©LEDk:ifc-^nH^ IS^RmJE. AtMSftttl 
r 0 0 7 3 J 

[007 4] 

J; t> JlJPffll#Jt]0;frffl (P^5y 0 70^151) KfattTMIrem^S^fcS i K— ^ 

[0 0 7 5] 

S 1 ?Fttfte>9Ufcii 3xl0"c m- 3 i: Ufco {^pM^O^-firlft®^^^^*^*- 6 
nmfciSx.. 1 0 nmfCMSf?SIB©**©^-e<OS i^Sfc^ffliggti, 4.xl 0'»c 

^^4x l oi 8 cm- 3 jb»&x .7X10 »TcJni-?^eiW{c:m'>^-frfeo 
««*ISttWC*fli * tt-t IBS! b fe» 

[007 6] 

mmm itm led^ t-^k u « rtcis^ lamias u 1 1 c ^ « 

^|6l@aEfe2 0mAfcbfel^©**aEgtt3 9 5 nm^^^fc- ^:&ia®ffii±3. 
2 V 2{£ < * li 8 . 6 m W-C 3& t3 . JtifctfW: |B«E©^cO L E D tc tt^fttfs 

[taja©to*iiHB) 

[0077] 

[01) 33££B0g i fcfif, S L E D SrfpSg-r S fc«>twffl V>fcM«|ig#:©Wf®m3t*^ 

[fc*|2] Kll©^^^l3S(i|=©^)fe^©^J5KS:^ 5 ^ lK,{::7IS "^ g, ' efcSQ _ 

[03] 63 1 ©^Jl&J&t**' ^Sl/feLED <D3j£®SlaS&^^ W *C ETC 25 5 «» 

[^cDISi^] 
[0 0 7 8] 

2 $g#Ji 
10 LED 
1 1 
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2 1 PPSS 

2im —nm (&mjs) 

2 2 ftJZM 

10 1 ti&Hi&M 

102 7>K-'/nSGaNl . 

103 SiH-rnSGaNl 

10 4 Si H — T'nMgfljT^^-OA • iS 0 £A (A 1 o. osG.ao, «uN 

105 TiMtr^vtm 

1 0.6 #6#J1 

10 7 p£i*"5 y FJB - 

108 vW.^>*fYM 

109 .nS*>-5^Sg • •• 

110 pS/f- 5 y ? ®fis 

111 tKVtV >-77v> p (^££SJ2b) 



